ABSTRACT: Total RNA from lipopolysaccharide (LPS)-stimulated rat macrophages used to treat protoplasts from an Aspergillus nidulans strain originated the RT2 regenerated strain, whose culture supernatant showed anti-inflammatory activity in Wistar rats. The protein fraction presenting such anti-inflammatory activity was purified and biochemically identified. The screening of the fraction responsible for such anti-inflammatory property was performed by evaluating the inhibition of carrageenan-induced paw edema in male Swiss mice. Biochemical analyses of the anti-inflammatory protein used chromatography, carbohydrates quantification of the protein sample, amino acids content analysis and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Total sugar quantification revealed 32% glycosylation of the protein fraction. Amino acid analysis of such fraction showed a peculiar pattern presenting 29% valine. SDS-PAGE revealed that the protein sample is pure and its molecular weight is about 40kDa. Intravenous injection of the isolated substance into mice significantly inhibited carrageenan-induced paw edema. The isolated glycoprotein decreased carrageenan-induced paw edema in a prostaglandin-dependent phase, suggesting an inhibitory effect of the isolated glycoprotein on prostaglandin synthesis.
INTRODUCTION
To degrade substrate and absorb nutrients, fungi secrete a large spectrum of powerful enzymes into its environment (4) . They also interact with the human environment by producing diseases in plants and animals and are used as food as well as for antibiotics production. Presently, these lower eukaryotes have been used as bio-factories to produce proteins with pharmacological and commercial properties (4, 11, 18) . Such industrial values led Bennett (4) to evaluate the importance of fungi in Biotechnology and Mycotechnology and the results were very positive.
Filamentous fungi, particularly Aspergillus nidulans, have been extensively studied due to its capability to produce high levels of extracellular proteins in a very inexpensive way. Since most human proteins with therapeutic potential require posttranslation modification to present biological properties, the eukaryotic expressionsecretion system has become an interesting subject. Recent research on DNAmediated transformation systems allowed the use of A. nidulans strains as host-cells for the production of recombinant proteins (10, 13, 14) . Several well-characterized features and the availability of different mutants made A. nidulans the target organism to develop many expression-secretion systems. In mitotically stable multicopies, recombinant strains frequently present integrated expression cassettes. According to Archer and Peberdy (2) and Gouka et al. (10) , Aspergillus fungi are excellent as receptor cells to express and secrete proteins of therapeutic importance.
Based on this potential, Zucchi et al. (27) used total RNA from LPS-stimulated rat (Wistar) macrophages to treat protoplasts from an A. nidulans strain (UT448). After protoplasts regeneration, colonies presenting clear anti-inflammatory factor in the culture supernant composed the RT2 strain that was genetically selected and pharmacologically analyzed. Recently, its epigenetic behavior has been studied.
The characterization of the factor produced by RT2 Aspergillus nidulans strain is very important to understand how Aspergillus fungi can cause invasive pulmonary infection without an immune response by the patients. In the present work, the biochemical properties of the anti-inflammatory factor found by Zucchi et al. (27) were purified and identified, and its activity in carrageenan-induced paw edema was tested in mice to verify which inflammatory mediator is blocked by this factor.
MATERIALS AND METHODS

Aspergillus nidulans Strains and Procedures
Originally from Glasgow, UK, the strains used were obtained from stocks from Utrecht, Holland, (UT448). The RT2 strain was obtained after total RNA treatment of UT448 protoplasts. RNA was extracted from LPS-stimulated rat (Wistar) macrophages (26) . The mutant loci were described as: UT448 -wA2 (II), white conidia; riboA1, pabaA124, biA1 (I), with need for riboflavin, p-aminobenzoic acid and biotin, respectively; AcrA1 (II), resistant to acriflavine. RT2 -This strain was produced from UT448. It is prototrophic for all the genetic markers and acriflavine-resistant. The conidia color is green (26) .
The minimum (MM) and complete (CM) media were prepared according to Van Arman et al. (25) . Incubation temperature was 37 o C. Solid CM was used to maintain stocks at 4 o C or for the colonies development; mycelia of fungi were developed in liquid CM.
Conidia (10 6 ) from the RT2 strain were grown in 100ml liquid CM for 20h at 37 o C using an orbital shaker. After this period, mycelia were pelleted by centrifugation and aseptically filtered in cellulose acetate membranes (0.45μm), and 50mM EDTA was added to supernant in order to stop protease activities. The clarified supernant was frozen, liophylized and kept in freezer (-20ºC) until the next steps.
Gel Filtration
Gel filtration was carried out in a molecular exclusion Sephadex G100 column (60 X 2.5cm, Pharmacia, Upsalla, Sweden), previously equilibrated with 50mM ammonium bicarbonate, pH 7.0, and eluted with the same buffer at 8ml/h flow rate. One ml fractions were collected.
In vivo Assay for Detection of Anti-inflammatory Effects
To detect anti-inflammatory effects of protein fractions, in vivo assays were performed according to the method described by Garcia Leme et al. (9) . Groups of six adult male 
Reversed-Phase Chromatography
For High-Performance Liquid Chromatography (HPLC), a C8 column (Shimadzu, 250 X 4.6mm, 5μm) was used, with the following buffers for elution: A) 0.1% orthophosphoric acid, and B) 10% buffer A plus 90% acetonitrile. The flow rate was 1ml/min and the gradient of buffer B was from 0% to 70% in 15min, kept at 70% for 2min, and decreased to 0% in 3min. The absorbance of the eluate was monitored at 214nm and the peaks were manually collected.
Trypsinization of the Collected Sample
Trypsin (666μg/ml, Sigma) was diluted in Tris, 50mM, pH 8.5, at 1:1 (sample:trypsin) ratio; the solution was incubated at 37 o C under constant agitation. Samples were collected in triplicate at 0, 30, 60, 120 and 180min. Protein degradation of the purified and concentrated sample was determined using the Bradford method and observed at 495nm. Results corresponded to the average of triplicate readings.
Amino Acid Analysis using Acidic Hydrolysis
The amino acids concentration and composition were determined using sample hydrolysis in 6N HCl during 12h at 110 o C, after which the acid was removed by vacuum. The amino acids were derivatized with phenylisothiocyanate and identified using reversed-phase C18 column chromatography. Their composition and concentration were compared to an amino acid standard (Sigma), according to retention time and area of corresponding peaks. The procedure was adapted from
Fullmer and Wasserman (8) .
Total Sugar Quantification
Protein 
SDS-PAGE
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed as described by Laemmli (12) 
Statistical Analysis
Results were presented as the mean ± standard error of mean (S.E.M.) of six animals. The percentages of inhibition were reported as mean ± S.E.M. of the inhibitions obtained in each individual experiment during the edema peak. Data were statistically compared using analysis of variance (ANOVA) followed by Student's unpaired t-test. Values of p<0.05 were considered significant.
RESULTS
Protein Purification
Since large amounts of different proteins were expected, the collected samples were organized in six pools, I to VI, as presented in the first chromatogram (Fig. 1) . Each pool was individually tested for paw edema development in Swiss male mice (Fig. 2 ).
The tests with samples from the first purification (Sephadex S100) were performed after 1, 3, and 6 hours (Fig. 2) . This approach allowed the determination of the kinetics of the proteins effects on paw edema induced by carrageenan (1%) in male mice. Pools I, II, IV and VI did not cause any significant reduction in the paw volume at the times observed, which indicates that such pools do not contain any potent antiinflammatory factor. Alternatively, Pool V caused paw volume reduction 3h after the carrageenan injection, although after 6h the anti-inflammatory potential was similar to those of the other pools. Pool II caused progressive reduction in the paw volume after the first hour of treatment, and after 3h, anti-inflammatory results similar to those of other pools were found.
To further evaluate the anti-inflammatory potential of Pools II and V, paw-induced edema tests were also carried out using saline and BSA as control. This strategy allows the exclusion of any other exogenous protein (such as albumin) also presenting anti-inflammatory response. The results are presented in Figure 3 , indicating that the exogenous protein and Pool V had similar activities. Pool II showed significant anti-inflammatory potential decreasing paw volume gain from 61.85% with the albumin control to 14.37% when Pool II was used.
Based on such results, the subsequent experiments were performed using only Pool II as it clearly presented consistent and stable anti-inflammatory properties.
To evaluate the purity of Pool II, separation by a C8 reverse-phase column was carried out. The sample did not bind to the stationary phase of the column nor the retention time was altered, even when changing to acetonitrile gradient ( Figure 4) .
Although observed at 280 and 214nm, Pool II was not adsorbed to the ion-exchange columns (anionic or cationic); thus, a confirmation of its proteic nature was needed.
One-ml sample collected from reversed-phase C8 column presenting a peak with optical density of 1.1 at 280nm was added to 20μg trypsin and kept in a shaker at 37 o C for 3h. After 0, 30, 60, 120 and 180min incubation, 50μl samples were collected in triplicate.
The gradual protein decrease, as determined by the Bradford method, was presented in Figure 5 . Results indicated that the molecule of interest is of proteic nature. The 90% reduction from the initial concentration showed that the protein presented few exposed lysine-arginine residues. The anti-inflammatory activity decrease was proportional to the trypsinization assay.
Amino Acid Analysis
As presented in Table 1 , the test sample showed 10 peaks versus 14 presented by the standard sample (Sigma). Such fast screening does not allow discriminating glutamic acid from glutamine, alanine from threonine, and arginine from proline.
The relative amino acid proportion refers to the total of amino acids found in the protein. The highest proportions were: valine (29.39%), phenylalanine (18.57%) and histidine (17.16%); and the lowest were: aspartic acid (1.15%) and GIX (1.69%). This result agrees with the trypsinization test ( Figure 5 ). Since the amino acid standards did not contain asparagine, this amino acid was not characterized by the screening.
However, asparagine was recognized as the most N-glycosilated amino acid (Table   1) .
Sugar Quantification in the Selected Protein
Protein (87.4μg) was diluted in 200μl distilled water. Spectrophotometric measurements revealed that the sample presented 32% glycosylation. This quite high value might explain why this protein was unable to bind to several kinds of chromatographic resins.
O-deglycosylation was performed using 25% ammonium hydroxide (NH 4 OH) incubated during 36h at 45 o C, according to Rademaker et al. (19) . The product resultant from protein deglycosylation did not have its anti-inflammatory property changed. Also, its chromatographic behavior remained the same, which suggests that this protein is a typical N-glycosylated product. Other works using glycoproteins from the genus Aspergillus supported this hypothesis, as N-glycosylation is common in such fungi (7, 16, 21) . Figure 6 shows the results of SDS-PAGE of the purified anti-inflammatory protein from A. nidulans under reduced conditions followed by silver staining. The protein (Lane 2) showed a single band at ~40kDa, which indicates that the purification methods used were highly efficient.
SDS-PAGE
In vivo Activity of the Purified Supernatant
After protein purification, the kinetics of the inflammatory process of the carrageenaninduced paw edema in mice was determined. Protein (1.0mg/kg/mice) was injected (Figure 7 ). Percentage of reduction in mice paw edema induced by 1% carrageenan 15min after pool injections (intravenously). The saline used to elute the pools was also used as control. Another control test included albumin intravenous injections at the same volume as the tested protein. Pool V did not cause any significant differences in paw volume when compared to albumin (a protein with no antiinflammatory properties), and presented differences when compared to the eluent (saline). Pool II showed significant (***p<0.01) difference when compared to both controls. Values were obtained 3 hours after the injections. Groups of five animals were used. 
DISCUSSION
In 1996, Zucchi et al. (27) developed the RT1 and RT2 Aspergillus nidulans strains, which produced an anti-inflammatory factor. The activities produced by both strains were already compared in a previous work, which led to the knowledge of the biochemical nature of that factor. In the present study, such factor was purified and biochemically characterized; its activity was also investigated. However, it is not unmistakably known if the protein under analysis is from the fungus or from the rat; this subject continues under inquiry.
The chosen method of gel filtration, as a first step, facilitated debris removal from the clarified culture medium. Purification refinement was possible using the molecular exclusion method in HPLC systems, which allowed high protein purity. However, ion exchange and the hydrophobic interaction for purification of the final product were not efficient. The high quantity and the composition of the carbohydrates might have impaired the adsorption of proteins to the matrix of many columns.
Purification of heterologous proteins from Aspergillus niger has been reported as well as detailed studies on other host cells producing heterologous protein (lysozyme) (22) . In addition, its expression and purification have been characterized. The purification method used by those authors included gel filtration in a Sephachryl HR100 column, followed by ion exchange in SP Sepharose Big Beads and yielded high and specific activity. Record et al. (20) , working on the purification of a protein from Aspergillus oryzae, used Sephadex G-75 gel filtration columns and DEAESepharose and Mono Q ion-exchange columns. In this case, the higher the specific activity of the protein, the lower its recovery (Mono Q); conversely, the higher its recovery, the lower its specific activity (gel filtration).
Such examples reveal that the method chosen for purification is important and depends on the aims for the protein use. Gel filtration is extensively used as an initial method for separation followed by a refinement using ion exchange and can be considered a good model, as it allowed total separation of the proteins under study.
However, in the present work, this was not feasible.
In the present study, 32.03% glycosylation was verified, which was considered very high but accounted for difficulties in the purification processes. Similarly, Panchal and Wodzinski (16) found 35.29% N-glycosylation in an Aspergillus niger phytase.
However, the incidence of glucose among the proteins in the sample remains unclear.
The supernatant proteins may have o-glycans in their structure because they are indispensable for the exportation of proteins (17) .
In Aspergillus genus, protein glycosylation has been frequently characterized as Nglycosylation (3). After the expression of pectate lyase S in A. niger, two different forms of this enzyme appeared: a non-glycosylated and an N-glycosylated enzyme.
They showed similar activity.
In another study, the same pectate lyase enzyme found in A. niger (7) was outstandingly expressed in A. nidulans, indicating that the protein produced was 1200Da greater than the natural one. Studies have revealed that such extra Molecular Weight (MW) was produced through N-glycosylation using mannose. In a work using
A. sojae (6), the enzyme leucine aminopeptidase, which was secreted into the culture medium, presented 3% of the total MW due to N-glycosylation.
Sorensen et al. (21) verified oligosaccharides in A. niger that were related to asparagine residues. Walmsley and Hooper (26) , studying the effect of Nglycosidases, verified that their recognition site was Asn-Ile/Phe-Thr. Again, the need for asparagine was verified, although in this case it was linked to an isoleucine or phenylalanine followed by a threonine. In the present work, despite the confirmation of the presence of isoleucine, phenylalanine and threonine, the presence of asparagine could not be verified, as this amino acid was not present in the protein standard used.
Analysis of the amino acid proportions showed that the N-glycosylation site Asn-PheThr, described by Walmsley and Hooper (26) , was probably included in the protein, even if the presence of asparagines could not be identified. This is the key amino acid for the action of N-glucosyltransferases, as described before (6, 7, 21) . SDS-PAGE
showed that there were not contaminant proteins, and this protein could be purified by the methods used.
The potent anti-inflammatory activity verified in the present study demonstrated that the isolated glycoprotein had specific effect since the treatment with an equivalent molar concentration of BSA did not show anti-inflammatory activity against carrageenan-induced paw edema. It decreased the edema, which has a peak characterized by the presence of prostaglandins (24) , in a similar manner as other anti-inflammatory substances isolated from natural products such as the extracts from
Pongamia pinnata leaves (23) and ReN1869 (15) , using the same experimental edema model, which has been largely used. 
